We derive the general resummed effective Lagrangian for Higgs-mediated flavour-changing neutralcurrent (FCNC) interactions in the Minimal Supersymmetric Standard Model (MSSM), without resorting to particular assumptions that rely on the squark-mass or the quark-Yukawa structure of the theory. In our derivation we also include the possibility of explicit CP violation through the Cabibbo-Kobayashi-Maskawa mixing matrix and soft supersymmetry-breaking mass terms.
Introduction
The appearance of too large flavour-changing neutral-current (FCNC) interactions of Higgs bosons to fermionic matter is a generic feature of SU(2) L ×U(1) Y theories with two and more Higgs doublets. Unless there is a symmetry to forbid these Higgs-mediated FCNC interactions to occur in the bare Lagrangian of the model [1] , their unsuppressed existence will inevitably lead to predictions for rare processes in the kaon and B-meson systems that violate experimental limits by several orders of magnitude [1, 2] . In the minimal realization of softly-broken supersymmetry (SUSY), the Minimal Supersymmetric Standard Model (MSSM), the holomorphicity of the superpotential prevents the occurrence of Higgsboson FCNCs by coupling the one Higgs-doublet superfield, H 1 , to the down-quark sector, and the other one, H 2 , to the up-quark sector. However, the above holomorphic property of the superpotential is violated by finite radiative (threshold) corrections due to soft SUSYbreaking interactions [3, 4] . As a consequence, Higgs-mediated FCNCs reappear at the one-loop level, but are naturally suppressed for low and intermediate values of tan β = H 2 / H 1 , i.e. for tan β < ∼ 20. For larger values of tan β, e.g. tan β > ∼ 30, the FCNCs partially overcome the loop suppression factor 1/(16π 2 ) and become phenomenologically relevant [5, 6] , especially for the K-and B-meson systems.
Recently, the topic of Higgs-boson FCNCs in the large-tan β limit of the MSSM has received much attention [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16] . Several approaches have been devised to implement the non-holomorphic finite radiative corrections into the phenomenological analysis of FCNC processes, such as K 0K 0 and B 0B0 mixings, B → X s γ and B s → ℓ + ℓ − . In most cases, however, the suggested approaches to threshold radiative effects involve certain explicit or implicit assumptions pertinent to the squark-mass and the quark-Yukawa structures of the theory, such as the dominance of the top quark in the FCNC transition amplitudes. We term the latter assumption the t-quark dominance hypothesis.
On the other hand, some of the approaches neglect higher-order terms in the resummation of threshold corrections to d-quark Yukawa couplings, which become important in the large-tan β regime of the theory.
In this paper we derive the effective Lagrangian that properly takes into account the resummation of higher-order threshold effects on Higgs-boson FCNC interactions to down quarks. To accomplish this in Section 2, we avoid the imposition of particular assumptions on the structure of the soft squark masses and the quark-Yukawa couplings of the theory. Moreover, we do not rely on specific kinematic approximations to the transition amplitudes, such as the aforementioned t-quark dominance hypothesis in the FCNC matrix elements. In our derivation of the effective Lagrangian, we also consider the possibility of CP violation through two sources: (i) the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix [17] and (ii) the soft SUSY-violating mass terms. As we explicitly demonstrate in Section 3, our resummed FCNC effective Lagrangian gives rise to new testable predictions for CP-conserving as well as CP-violating observables related to the K-and B-meson systems. In the same section, we qualitatively discuss the implications of tan β-enhanced
Higgs-mediated interactions for the direct CP-violation parameter ǫ ′ /ǫ in the kaon system. Section 4 is devoted to our numerical analysis of a number of K-and B-meson observables, such as ∆M K , ǫ K , ∆M B d,s , B(B d,s → ℓ + ℓ − ) and their associated leptonic CP asymmetries. In particular, based on our resummed FCNC effective Lagrangian, we are able to identify configurations in the soft SUSY-breaking parameter space, for which a kind of a
Glashow-Iliopoulos-Maiani-cancellation mechanism (GIM) [18] becomes operative in the Higgs-d-quark sector. As a result, all Higgs-mediated, tan β-enhanced effects on K-and B-meson FCNC observables vanish. Finally, Section 5 summarizes our conclusions.
Resummed FCNC effective Lagrangian
In this section, we derive the general form for the effective Lagrangian of Higgs-mediated FCNC interactions in the CP-violating MSSM. For this purpose, we also consistently resum the tan β-enhanced radiative effects on the d-quark Yukawa couplings [7] . First, we analyze a simple soft SUSY-breaking model based on the assumption of minimal flavour violation [6, 10, 13, 14] , where the CKM matrix is the only source of flavour and CP violations. We find that even within this minimal framework, the usually neglected c-quark contribution to
Higgs-mediated FCNC interactions may be competitive to the t-quark one in certain regions of the parameter space. After having gained some insight from the above considerations, we then extend our resummed effective Lagrangian approach to more general cases that include a non-universal or hierarchical squark sector as well as CP violation originating from the CKM matrix and the soft SUSY-breaking parameters.
Before discussing the most general case, let us first consider the following simple form for the effective Yukawa Lagrangian governing the Higgs-mediated FCNC interactions in the quark sector [5, 6] :
where Φ 0 1,2 are the electrically neutral dynamical degrees of freedom of the two Higgs 
2)
are finite non-holomorphic radiative effects induced by the diagrams shown in Fig. 1 . In the above, the loop integral I(x, y, z) is given by
with I(x, x, x) = 1/(2x). To keep things simple in the beginning, we assume that in (2.2) and (2.3), the bilinear soft SUSY-breaking masses of the squarks, m
, and the trilinear soft Yukawa couplings A U = A u,d are flavour-diagonal and universal at the soft SUSY-breaking scale M SUSY . We also neglect the left-right mixing termsũ L -ũ R andd L -d R in the squark mass matrices. The consequences of relaxing the above assumptions will be discussed later on.
From (2.1), we can easily write down the effective Lagrangian relevant to the effective d-and u-type quark masses:
Our next step is to redefine the quark fields as follows:
1 Throughout the paper, we follow the notation and the CP-phase conventions of [19] .
where
R and V are 3-by-3 unitary matrices that relate the weak to mass eigenstates of quarks. Evidently, V is by construction the physical CKM matrix. Substituting (2.6) into (2.5) yields
whereM d andM u are the physical d-and u-quark mass matrices, respectively. Consistency
Notice that (2.9) plays the rôle of a re-defining (renormalization) condition for the d-quark
Yukawa couplings, in the process of resumming higher-order radiative corrections. Observe also that the matrixR cannot be zero, as this would result in massless d quarks.
With the help of (2.6) and (2.9), we can now express our original Yukawa Lagrangian (2.1) in terms of the mass eigenstates d L,R and u L,R in a resummed form:
In deriving the last equality in (2.11), we have employed the relation:
It is very illuminating to see how the FCNC part of (2.11) compares with the literature, e.g. with that obtained in Ref. [6] . To this end, let us first assume that 1 +Ê g tan β = 0 and decomposeR −1 as follows: 12) where χ FC is the diagonal matrix
Making use of the above linear decomposition ofR −1 and the unitarity of the CKM matrix in (2.11), the FCNC part of our resummed effective Lagrangian reads
where χ The term proportional to χ
FC gives the top quark contribution, which is the result of [6] and subsequent articles [10, 13, 14] . However, we should remark here that the frequentlyused top-quark dominance approximation cannot be justified from considerations based only on minimal flavour-violation models [6, 10, 13, 14] . In fact, the other terms in (2.14) and especially the one proportional to χ (c) FC due to the charm-quark contribution become rather important in the limit 1 +Ê g tan β → 0. In this limit, the singularity in χ FC as a result of the unitarity of V. In this context, we should note that the limit 1 +Ê g tan β → 0 is not attainable before the theory itself reaches a non-perturbative regime. Requiring that all d-quark Yukawa couplings are perturbative, we can estimate the lower bound, |1 +Ê g tan β| > ∼ 2.5 × 10 −2 , for tan β = 50.
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Although |1 +Ê g tan β| must not vanish in perturbation theory, it can be sufficiently close to zero, so that the c-quark contribution becomes competitive with the t-quark one.
So far, we have assumed that the radiatively-induced matricesÊ g andÊ u in the effective Yukawa Lagrangian (2.1) are proportional to the unity matrix. However, this assumption of flavour universality is rather specific. It gets generally invalidated by the mixing of the squark generations, the soft trilinear Yukawa couplings and renormalization-group (RG) running of the soft SUSY-breaking parameters from the unification to the low-energy scale.
In this respect, the minimal-flavour-violation hypothesis, although better motivated, should also be viewed as a particular way from minimally departing from universality.
Nevertheless, given that threshold radiative effects on the up sector are negligible, especially for large values of tan β, it is straightforward to derive the general resummed form for 2 To obtain this lower limit, we simply take the trace of the square of (2.9) and demand that 
15) 
, introduces additional non-trivial model dependence in the matrices E g , E u and R. In other words, the presence of U Q L reflects the fact that the
without generating FCNC couplings in other interactions in the MSSM Lagrangian, e.g.
Moreover, even in minimal flavour-violating scenarios, the 3 × 3-dimensional matrix R may generally contain additional radiative ef-
induced by RG running of the squark masses from the unification to the soft SUSY-breaking scale M SUSY . These contributions can be resummed individually by taking appropriately the hermitian square of the modified (2.9) and solving
L . This last step may involve the use of iterative or other numerical methods. In the general case of a non-universal squark sector, the resummed FCNC couplings of the Higgs bosons to down-type quarks can always be parameterized in terms of a welldefined set of parameters at the electroweak scale. In the weak basis, in which U In our last step in deriving the resummed FCNC effective Lagrangian, we express the Higgs fields Φ 0 1,2 in terms of their mass eigenstates H 1,2,3 and the neutral would-be Goldstone boson G 0 in the presence of CP violation [21] . Following the conventions of [19] , we relate the weak to mass eigenstates through the linear transformations: 
where 3 In addition to the non-holomorphic contributions we have been considering here, there are in general holomorphic radiative effects on the Φ 0 1 coupling to d quarks which have an analogous matrix structure, i.e. ε g + ε u |ĥ u | 2 . These additional holomorphic terms are generally small, typically of order 10 −2 , and only slightly modify the form of the matrix R to:
Obviously, such a modification does not alter the general form of the effective couplings in (2.19) and is beyond the one-loop order of our resummation. Therefore, these additional small holomorphic terms can be safely neglected.
(iii) In the CP-invariant limit of the theory, the effective couplings g L,R
H id d ′ are either pure real or pure imaginary numbers. Moreover, in the limit V → 1, the effective Lagrangian (2.18) of the diagonal Higgs-couplings to down quarks is in excellent agreement with the one presented in [19, 23] . (v) The one-loop resummed effective Lagrangian (2.18) captures the major bulk of the one-loop radiative effects [24] for large values of tan β, e.g. for tan β > ∼ 40, and for a soft SUSY-breaking scale M SUSY much higher than the electroweak scale [7] . In addition, (2.18) is only valid in the limit in which the four-momentum of the d quarks and
Higgs bosons in the external legs is much smaller than M SUSY . This last condition is automatically satisfied in our computations of low-energy FCNC observables.
In the next section, we will study in detail the phenomenological consequences of the tan β-enhanced FCNC effects mediated by Higgs bosons on rare processes and CP asymmetries related to the K-and B-meson systems.
Applications to K-and B-meson systems
We shall now analyze the impact of our resummed effective Lagrangian (2.18) for Higgsmediated FCNC interactions on representative K-and B-meson observables. For comprehensive reviews on K-and B-meson physics, we refer the reader to [25, 26, 27] .
Our starting point is the effective Hamiltonian for the ∆S = 2 interactions,
where operators Q i may be summarized as follows:
Here, much of our discussion and notation follows Ref. [28] .
It now proves convenient to decompose both the K 0 -K 0 mass difference ∆M K and the known CP-violating mixing parameter ǫ K into a SM and a SUSY contribution:
To a good approximation, one has
The SUSY contribution to the matrix element K 0 |H ∆S=2 eff |K 0 SUSY may be written down as [28, 29] 
where m K = 498 MeV, F K = 160 MeV and theP 's are the next-to-leading order (NLO) QCD factors that include the relevant hadronic matrix elements [28, 30, 31, 32, 29] . At the scale µ = 2 GeV, they are given by [28] comes from Higgs-mediated two-loop double penguin (DP) diagrams proportional to C LR 2 . Within the framework of our large-tan β-resummed FCNC effective Lagrangian (2.18) that includes CP violation, the Wilson coefficients due to DP graphs are found to be
where the tan
H is d may be evaluated from (2.19) . Note that the DP Wilson coefficients in (3. may be given by [29, 10] 
Note that the light-quark masses contained in (3.8) and (3.9) are running and are evalu- i.e. for |µ| < ∼ 200 GeV. In view of the above discussion, the kinematic parameter range of interest to us is:
including the case M H ± ≈ m t , for which the Higgs-mediated DP effects can dominate the K 0 -K 0 transition amplitude. Thus, taking also into account the sub-dominant 2HDM contribution (3.9), formula (3.6) simplifies to
Observe that the Wilson coefficients C 1 and C 2 contribute with opposite signs to
SUSY . Based on (3.11), we will give numerical estimates of ∆M K and ǫ K in Section 4.
We now turn our attention to the computation of the direct CP-violation parameter ǫ ′ /ǫ in the kaon system, induced by CP-violating Higgs-mediated FCNC interactions. In the SM, unlike the Z-penguin graphs, the Higgs-penguin contribution to K → ππ, which is proportional to the operator To reliably estimate the new SUSY effect on ǫ ′ /ǫ due to Higgs-boson FCNC interactions, we normalize each individual contribution with respect to the dominant SM contribution arising from the operator
In the MSSM with minimal flavour violation, the non-Higgs SUSY contribution Ω SUSY is small [36] . Sizable contributions may be obtained if one relaxes the assumptions of universality and CP conservation in the squark sector [37, 38] .
Here, we compute a novel contribution to ǫ ′ /ǫ, namely the quantity Ω Higgs SUSY in (3.13), which entirely originates from Higgs-boson exchange diagrams in the CP-violating MSSM.
Based on our resummed FCNC effective Lagrangian (2.18), we obtain in the zero strongphase approximation
where the subscripts 0, 2 adhered to the hadronic matrix elements denote the total isospin I of the final states, and A 2 λ 5 η is a CKM combination in the Wolfenstein parameterization, which has the value A H iū u that occur in (3.14) are the diagonal scalar and pseudoscalar couplings of the H i bosons to u-and d-type quarks [19] , whose strengths are normalized to the SM Higgs-boson coupling. These reduced H i -couplings are given by
where we have neglected the small radiative threshold effects in the up sector.
On the experimental side, the latest world average result for ℜe(ǫ ′ /ǫ) is [39] ℜe ǫ
at the 1-σ confidence level (CL). In the light of the experimental result (3.17) and the discussion given above, we may conservatively require that
The biggest contribution in the sum over quarks in (3.14) comes from the d-quark and exhibits the qualitative scaling behaviour
For instance, for tan β = 50 and M H = 200 GeV, (3.19) gives Ω
. Obviously, such a contribution is, in principle, non-negligible, but very sensitively depends on the actual values of the new hadronic matrix elements: 
Employing our resummed FCNC effective Lagrangian (2.18), it is not difficult to compute the Wilson coefficients C S and C P in the region of large values of tan β: Hilℓ ′ can be derived by following a methodology very analogous to the one described in Section 2.
while C 10 = −4.221 is the leading SM contribution. In analogy to (3.15), the reduced scalar and pseudoscalar Higgs couplings to charged leptons g S,P H il ℓ in (3.26) are given by 27) where non-holomorphic vertex effects on the leptonic sector have been omitted as being negligibly small.
With the approximations mentioned above, the branching ratio for theB 0 q meson decay to ℓ + ℓ − acquires the simple form [9] B(B
where τ Bq is the total lifetime of the B q meson and
In our numerical estimates, we ignore the contribution from 
There are two possible time-dependent CP asymmetries associated with leptonic Bmeson decays that are physically allowed:
and A
, with L ↔ R. Under the assumption that q/p is a pure phase, one finds [42]
where x q = ∆M Bq /Γ Bq and . According to our standard approach of splitting the amplitude into a SM and a MSSM part, we obtain for the SM part In the next section, we will present numerical estimates for the K-and B-meson FCNC observables, based on the analytic expressions derived above.
Numerical estimates
In this section, we shall numerically analyze the impact of the tan 2 β-enhanced FCNC interactions on a number of K-and B-meson observables which were discussed in detail in Sections 3.1 and 3.2, such as
their associated leptonic CP asymmetries. For our illustrations, we consider two generic low-energy soft SUSY-breaking scenarios, (A) and (B).
In scenario (A), the squark masses are taken to be universal andÊ g andÊ u are proportional to the unity matrix at the soft SUSY-breaking scale M SUSY . The CP-conserving version of this scenario has frequently been discussed in the literature within the context of minimal flavour-violation models, see e.g. [6] .
In scenario (B) we assume the existence of a mass hierarchy between the first two generations of squarks and the third generation, namely the first two generations are degenerate and can be much heavier than the third one. In addition, although not mandatory, we assume for simplicity that the model-dependent unitary matrix U Q L in (2.15) is such that E g and E u become diagonal matrices in this scenario. Clearly, in the limit in which all squarks are degenerate, scenario (B) coincides with (A).
In Fig. 2 we give a schematic representation of the generic mass spectrum that will be assumed in our numerical analysis. More explicitly, we fix the charged Higgs-boson M H + to the value 200 GeV. Since the effect of the gaugino-Higgsino mixing [15, 16] on the resummation matrix R can be significantly reduced for mW ≪ µ, we ignore this contribution by considering the relatively low value mW ≈ 2m t ≪ M SUSY in our numerical estimates, with m t = 175 GeV. As can be seen from Fig. 2 , the third-generation soft squark mass mt, the µ-parameter, the gluino mass mg and the trilinear soft Yukawa coupling A U are set, for simplicity reasons, to the common soft SUSY-breaking scale M SUSY , which is typically taken to be 1 TeV.
The soft squark masses of the other two generations are assumed to be equal to mq in our generic framework. To account for a possible hierarchical difference between the mass scales mt and mq, we introduce the so-called hierarchy factor ρ, such that mq = ρmt = ρM SUSY . As has been mentioned above, models of minimal flavour violation correspond to scenario (A) with ρ = 1. As we will see in detail in Sections 4.1 and 4.2, the predictions for the K-and B-meson FCNC observables crucially depend on the values of the hierarchy factor ρ. Equally important modifications in the predictions are obtained for different values of the soft CP-violating phases φ g = arg (mg) and φ A U = arg (A U ). In addition, the K-and B-meson FCNC observables exhibit a non-trivial dependence on the CKM phase δ CKM , which is varied independently in our figures.
Although we primarily use tan β = 50 and M H + = 0.2 TeV as inputs in our numerical analysis, approximate predictions for other values of the input parameters may be obtained by rescaling the numerical estimates by a factor
where the integers n and k depend on the FCNC observable O under study. Such a rescaling proves to be fairly accurate for tan β > ∼ 40 and M H + > ∼ 150 GeV, which is the kinematic region of our interest.
∆M K and |ǫ K |
The SM effects on ∆M K and |ǫ K | were extensively discussed in the literature [44] , so we will not dwell upon this issue here as well. Instead, we assume that the SM explains well the experimental results for the above two observables [43] :
Given the significant uncertainties in the calculation of hadronic matrix elements, however, our approach will be to constrain the soft SUSY-breaking parameters by conservatively requiring that ∆M SUSY K and |ǫ
SUSY K
| do not exceed in size the SM predictions.
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To start with, we display in In our case of Higgs-mediated FCNC observables, however, the situation is slightly different. As we have discussed in Section 2, the size of the FCNC effects is encoded in the flavour structure of the 3-by-3 resummation matrix R. Since R is diagonal for the 5 Both ∆M K and |ǫ K | place important constraints on the ρ-η plane of the unitarity triangle. The soderived limits can be used to constrain new physics. In this case, a global fit of all the relevant FCNC observables to the unitarity triangle might be more appropriate. We intend to address this issue in a future work.
scenarios (A) and (B) under consideration, we can expand the tan β-enhanced FCNC terms u,c,t can be simplified further to
Then, from (4.5), it is easy to see that the off-diagonal elements of
H id d ′ , thereby giving rise to enhanced predictions. This is a very generic feature which is reflected in Fig. 3 and, as we will see in Section 4.2, also holds true for our numerical estimates of B-meson FCNC observables.
Neglecting the small Yukawa couplings of the first two generations and making use of the unitarity of V, we find for in (4.5), implying that R is proportional to the unity matrix. Then, it is (V † R −1 V) dd ′ = 0, as a result of a GIM-cancellation mechanism due to the unitarity of the CKM matrix. We call such a point in the parameter space GIM operative point. The ρ value, for which the GIM-cancellation mechanism becomes fully operative, may easily be determined from (4.6), i.e.
6 For ρ > ∼ 10, the first two equations in (4.5) may be better approximated by replacing ρ → ρ/ √ 2.
For the MSSM parameter space under study, there is always a GIM-operative value for the hierarchy factor ρ, iff φ A U − φg = 0 or ±π. For φ A U − φg = 0, we have ρ GIM < 1, whereas it is ρ GIM > 1, for φ A U − φg = π. In fact, the second case is realized in Fig. 4 for ρ GIM ≈ ; the second DP expression in (4.8) is very suppressed with respect to the first one by two powers of the ratio m d /m s . From Fig. (3) , we also see that in addition to the CKM phase δ CKM , the soft SUSY-breaking CP-phases, such as arg (mg) and arg (A U ), may also give rise by themselves to enhancements of |∆M 
∆M
B q , B q → ℓ + ℓ − and
associated leptonic CP asymmetries
In this section, we will present numerical estimates for a number of B-meson FCNC observables, such as the mass difference ∆M Bq , the branching ratio for B q → ℓ + ℓ − and the CP asymmetries associated with the B-meson leptonic decays. The current experimental status of these observables is as follows [43] :
and [46] 
Future experiments at an upgraded phase of the Tevatron collider may reach higher sensitivity to B(B s → µ + µ − ) up to the 10 −8 -level [47, 12, 11] .
Let us start our discussion by numerically analyzing the B-meson mass differences and ∆M Bs are plotted versus the hierarchy factor ρ, for discrete values of δ CKM and φ A U .
In our SM CKM-phase convention [43] , unlike the CKM matrix element V ts , the matrix element V td is very sensitive to δ CKM values. As a result, the SM predictions for ∆M B d strongly depend on the selected value of δ CKM , as can be seen from Fig. 6 .
In Fig. 7 , we exhibit numerical values for the branching ratios B(B However, there is an additional factor that may crucially affect our predictions for the branching ratios of the decaysB
, namely the hierarchy parameter ρ. As we show in Fig. 8 , even for the extreme choice of a gluino phase arg mg = 180
can get very suppressed for a specific value of ρ in certain soft SUSY-breaking scenarios that can realize a GIM-operative point in their parameter space. As we detailed in Section 4.1, this phenomenon occurs for the universal value of ρ = ρ GIM = 1.22, when φ A U − φg = ±180
• . As can be seen in Fig. 8 , the predicted values forB
• , confirm the above observation.
As we have already mentioned, the observables ∆M Bs and B(B perimentally constrained to be rather small, less than 5% (see also discussion after (3.32)).
In Fig. 9 , we display numerical values for the CP asymmetries A Having gained some insight from the above exercise, one may seek alternative ways to enhance the di-muon asymmetries A
. To this end, the first attempt would be to suppress the effect of the B Higgs-penguin effects can give rise to the CP asymmetries: In the case of τ -lepton CP asymmetries, the velocities of the decayed τ -leptons β τ is roughly 0.5, so one naturally gets an appreciably higher value for the expression β τ C S + C P ≈ 0.5C P in (3.32). As a result, larger values for the τ -lepton CP asymmetries are expected. Indeed, in Fig. 10 , we display numerical predictions for A
versus the gluino phase arg (mg), for the same values of the input parameters as in Fig. 9 . Then, the CP asymmetries A
can be as high as 9% and 36%, respectively.
We conclude this section with some general remarks. In addition to the K-and Bmeson observables we have been studying here, there is a large number of other FCNC observables which have to be considered in a combined full-fledged analysis. For example, the decay B → X s γ [50, 51] plays a central rôle in such a global analysis, because it will enable us to delineate more accurately the CP-conserving/CP-violating soft SUSY-breaking parameter space favoured by low-energy FCNC observables. In this context, constraints on CP-violating SUSY phases from the non-observation of electron and neutron electric dipole moments (EDMs) should also be implemented. Large CP gluino and stop phases, as the ones considered in our analysis, would require either very heavy squarks with masses larger than 5-6 TeV or the existence of a cancellation mechanism among the different one-, twoand higher-loop EDM contributions [52, 53, 23] . Especially, it has been shown recently [23] that if the first two generation of squarks are heavier than about 3 TeV, the required degree of cancellations does not exceed the 10% level and hence large CP-violating gluino, gaugino and third-generation phases are still allowed for wide regions of the MSSM parameter space.
Finally, in the present numerical analysis, we have concentrated on scenarios that minimally depart from the minimal flavour-violation assumption through the presence of diagonal, but non-universal squark masses. In the most general case, however, the squark mass matrices and consequently the resummation matrix R of the radiative threshold effects may not be diagonal. Such low-energy realizations with off-diagonal soft squark-mass matrices can still be treated exactly within the context of our resummed FCNC effective Lagrangian (2.18), by appropriately considering non-trivial quark-squark CKM-like matrices, such as the 3-by-3 unitary matrix U Q L in (2.9).
Conclusions
We have derived the general form for the effective Lagrangian of Higgs-mediated FCNC interactions to d-type quarks, where large-tan β radiative threshold effects have been resummed consistently (cf. (2.18) and (2.19)). Our resummed FCNC effective Lagrangian is free from pathological singularities, which mainly emanate from the top-quark dominance hypothesis frequently adopted in the literature, and has been appropriately generalized to include effects of non-universality in the squark sector, as well as CP-violation effects originating from the CKM-mixing matrix and the complex soft SUSY-breaking masses.
In particular, our resummed effective Lagrangian can be applied to study Higgs-mediated FCNC effects in more general soft SUSY-breaking scenarios, beyond those that have already been discussed within the restricted framework of models with minimal flavour violation.
Also, an approach to resumming radiative threshold effects, very analogous to the one developed in Section 2, can straightforwardly be applied to see-saw SUSY models, so as to properly describe Higgs-mediated lepton-flavour-violating interactions. 
